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Pneumonia in adultsAbstract Objective: To evaluate the role of color Doppler sonography in comparison with CXR
and CT imaging in diagnosis of pneumonia in adults.
Patients and methods: Thirty-one patients with clinical suspicion of pneumonia were assessed by
chest radiography, CT and sonography. Quantitative and qualitative sonographic examination of
lesions was performed using color Doppler imaging. The correlation between color Doppler and
CT ﬁndings was determined.
Results: Lung ultrasound showed high sensitivity (100%), speciﬁcity (93.8%) and diagnostic accu-
racy 96.8% in diagnosis of pneumonia. It detected air bronchogram in all cases, simple effusion in
18 cases and effusion with internal echoes in 8 cases. It was almost agreement with CT ﬁndings
(K= 0.93). The sensitivity of chest X-ray was low (60%). It was moderate agreement with CT ﬁnd-
ings (K= 0.608). A signiﬁcant changes were seen in ﬂow pattern in comparison with severity of
necrosis by CT (P value = 0.038). Majority of our cases reﬂected pulmonary arterial ﬂow pattern
that was found in 21 cases.
Conclusion: Lung ultrasound with color Doppler imaging is highly accurate and valid alternatively
in diagnosis of pneumonia. By qualitative and quantitative impedance measurement, pulmonary
and bronchial arteries can be differentiated. The ﬂow pattern of pulmonary arteries was an indica-
tive of good outcome.
 2016 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).1. Introduction
Pneumonia is a major healthcare and economic problem with
considerable effect on morbidity and mortality worldwide (1).The incidence of community acquired pneumonia has
remained constant over the last few decades affecting 3–5 peo-
ple per 1000 person/year, predominantly among the young and
elderly (2,3). The diagnosis of pneumonia is mostly a clinical
suggestion by tachypnea, fever and respiratory rales or
reduced breath sounds on auscultation (4)
There is a strong belief that chest X-ray (CXR) should be
performed in all patients admitted with suspected pneumonia
(5) because medical history and physical examination cannot
provide sufﬁcient evidence (6). In emergency settings, however,
Table 1 Demographic data and clinical outcomes of
participants.
Characteristics N (%)
Age (mean ± ST) 47.61 ± 12.67 range (27–65 years)
Gender
Male 17 (54.8%)
Female 14 (45.2%)
Initial presentations
Cough 31 (100%)
Expectoration 30 (96.8%)
Hemoptysis 14 (45.1%)
Chest pain 16 (51.6%)
Dyspnea 12 (38.7%)
Toxic ﬁndings 19 (61.3%)
Fever 38.36 ± 0.64
Tachypnea (breaths/min >20) 23 (74.2%)
Stony dullness 12 (38.7%)
Fine crepitation 27 (87.1%)
Bronchial breathing 10 (32.3%)
SO2 87.03 ± 5.35
Final diagnosis
Pneumonia 6 (19.4%)
Pn. + PE 16 (51.6%)
Abscess 7 (22.6%)
Abscess + PE(empyema) 2 (6.5%)
RF (Respiratory Failure) 6 (19.4%)
Hospital day 12.74 ± 3.71
Data are presented as median ± SD, n/N (%), and No. (%), unless
otherwise indicated.
(Tachypnea >20 breaths/min).
Table 2 Chest X-ray ﬁndings of all studied patients (n= 31).
CXR No (%)
Opacity 22 (71%)
Air bronchogram 20 (64.5%)
Loss of lung volume 4 (12.9%)
Pleural eﬀusion 15 (48.4%)
Fluid level 9 (29%)
Table 3 Ultrasound and color Doppler ﬁndings in all studied
patients (n= 31).
Ultrasound and color Doppler ﬁndings No (%)
Air bronchogram 31 (100%)
Irregular and serrated margins 28 (90.3%)
Breath dependent motion: 25 (80.6%)
Cavity (HL) (hypo-echoic lesion) 7 (22.6%)
Inﬁltration of the pleura 8 (25.8%)
Pleural eﬀusion
Eﬀusion 18 (58.1%)
With int. echoes 8 (25.8%)
Perfusion
Normal perfusion (P0) 10 (32.3%)
Decreased perfusion (P1) 12 (38.7%)
Poor perfusion (P2) 9 (29%)
P0 = normal perfusion; P1 = decreased perfusion; P2 = poor
perfusion. HL0 = no hypoechoic lesion.
Table 4 Chest CT ﬁndings in all studied patients (n= 31).
Chest CT No (%)
Opacity with air bronchogram 31 (100%)
Opacity without air bronchogram 0 (0%)
One lobe 19 (61.3%)
2or more lobes 12 (38.7%)
Air ﬂuid level 9 (29%)
Inﬁltration of the pleura 7 (22.6%)
Pleural eﬀusion 14 (45.1%)
Collapse 2 (6.5%)
Necrosis level
N0 11 (35.5%)
N1 7 (22.6%)
N2 3 (9.7%)
N3 10 (32.3%)
N0 = no necrosis; N1 = minimal necrosis; N2 = moderate
necrosis; N3 = massive necrosis.
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ditions, waste of time and interobserver variability (7).
Chest CT scan, considered the gold-standard imaging
approach for pneumonia but has its own limitations: It is
expensive, impractical especially in the critically-ill patients
and has higher radiation exposure than CXR (8,9).
The use of lung ultrasound (LUS) has long been limited to
the diagnosis of pleural effusions, thoracocentesis and biopsy-
guided procedures; however, it has recently been shown to be
highly effective in evaluating pulmonary conditions such as
pneumonia and pneumothorax (10,4).
LUS with color Doppler has become increasingly recog-
nized as a potentially useful diagnostic approach for pneumo-
nia (11,12). Also it is used to differentiate pleural frompulmonary parenchymal lesions, as their distinction is not
always easy at chest radiography (13).
Information about vascularization may be obtained by
qualitative color Doppler sonography, by spectral curve anal-
ysis. (14). Quantitative analysis of ultrasonography is an objec-
tive method that has been clinically applied to different organs
but not yet to lungs (15). In a previous recent study (16), quan-
titative lung ultrasonography (QLUS) proved to be an accu-
rate method to evaluate extravascular lung water in a model
of pulmonary edema. It can be hypothesized that QLUS
may also be useful for detection of pulmonary consolidations
of different origins (17).
The aim of this prospective study was to assess the role
of LUS with color Doppler imaging in diagnosing pneumo-
nia and compare its accuracy to that of CXR and CT
imaging.
Table 5 Diagnostic accuracy of imaging methods for pneumonia.
+  S SP PPV NPV DA K
Opacity + air bronchogram CXR+ 7 1 100 95.8 87.5 100 96.8 0.912
CXR 0 23
LUS+ 6 0 85.7 100 100 96 96.8 0.903
LUS 1 24
Eﬀusion CXR+ 0 5 NA 86.7 NA NA NA 0
CXR 0 26
LUS+ 0 0 NA NA NA NA NA NA
LUS 0 31
Opacity + air bronchogram + eﬀusion CXR+ 9 0 60 100 100 72.7 83.3 0.608
CXR 6 16
LUS+ 15 1 100 93.8 93.8 100 96.8 0.936
LUS 0 15
Air ﬂuid level (Abscess) CXR+ 7 1 100 95.8 87.5 100 96.8 0.912
CXR 0 23
LUS+ 7 0 100 100 100 100 100 1
LUS 0 24
Abscess + PE CXR+ 1 0 50 100 100 96.7 96.8 0.652
CXR 1 29
LUS+ 2 0 100 100 100 100 100 1
LUS 0 29
Interpretation of kappa Kappa value
Less than chance agreement Poor 60.00
Slight agreement Slight 0.01–0.20
Fair agreement Fair 0.21–0.40
Moderate agreement Moderate 0.41–0.60
Substantial agreement Substantial 0.61–0.80
Almost perfect agreement Almost perfect 0.81–1
NA: not applicable S: sensitivity; Sp: speciﬁcity; PPV: positive predictive value; NPV: negative predictive value; DA: diagnostic accuracy; k:
Cohen k test.
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The study was carried on 31 adult patients admitted during the
period from January 2015 to January 2016 in the pulmonary
and radiodiagnosis departments of University Hospital. The
study was approved by the local ethics committee.
2.1. Inclusion criteria
All included patients were adult, aged P18 years with clinical
suspicion of pneumonia based on a combination of clinical
data, laboratory results and chest imaging.
2.2. Exclusion criteria
Patients with clinical suspicion of adult respiratory Distress
Syndrome and patients with congenital heart disease (CHD)
were excluded from the study to rule out pulmonary edemasecondary to heart disease. Also patients with inadequate or
poor image quality were excluded.
All included patients were subjected to the following:-
1. Detailed clinical history and examination.
2. Laboratory investigations including complete blood count,
sputum analysis, pleural ﬂuid analysis and culture for
AFB and other microorganisms.
3. Chest radiography It was done by experienced technician
under supervision of radiologist on erect postero-anterior
view. Over couch tube and factors were adjusted using dig-
ital X-ray high technology machine (Philips 1000 mAs,
medical systems, Germany).The extent of lung injury was
assessed as the number of lung regions with radiologic signs
suggestive of alveolar consolidation.
4. Lung ultrasonography and color Doppler imaging were per-
formed immediately after the chest radiography with
(Logiq P5, GE Medical Systems, Korea) with linear (5–
12 MHz) and convex (Curved) 2–5 MHz transducers. The
Table 6 Probability of color Doppler LUS and computed tomography features.
Vascularity and ﬂow signals Simple Pn N0 (n= 11) Necrotizing pn.N1, N2 (n= 8) Abscess + N3 (n= 12) p value
Qualitative CDU
Flow signal solitary vessels
Normal perfusion (P0) 10 (90.9%) 0 (0%) 0 (0%) <0.001*
Decrease perfusion (P1) 1 (9.1%) 8 (100%) 3 (25%)
No vascularity (P2) 0 (0%) 0 (0%) 9 (75%)
Pattern of ﬂow
No vascularity total
5/31(16.1%) 0 (0%) 0 (0%) 5 (41.7%) 0.038*
Monophasic total 5/31(16.1%) 3 (27.3%) 1 (12.5%) 1 (8.3%)
Triphasic total 21/31 (67.7%) 8 (72.7%) 7 (87.5%) 6 (50%)
Quantitative CDU N= 11 N= 8 N= 7
Resistive Index (RI) 0.89 ± 0.21 0.86 ± 0.13 1.04 ± 0.36 0.312
Pulsatile Index (PI) 2.79 ± 1.88 3.21 ± 3.27 3.51 ± 2.77 0.845
Peak Systolic Velocity (PSV) 22.84 ± 10.39 19.61 ± 14.21 23.79 ± 8.16 0.743
End Diastolic Velocity (EDV) 3.78 ± 2.83 1.95 ± 1.55 2.67 ± 1.86 0.229
P0 = normal perfusion; P1 = decreased perfusion; P2 = poor perfusion; HL0 = no hypoechoic lesion; N0 = no necrosis; N1 = minimal
necrosis; N2 = moderate necrosis; N3 = massive necrosis.
* signiﬁcance <0.05.
Table 7 Correlation between degree of necrosis by (CT) and
degree of perfusion by LUS.
Necrosis (CT)
r p
Perfusion (Doppler US) 0.940 <0.001*
Nonparametric Spearman’s rho correlation.
* signiﬁcance <0.05.
Table 8 Correlation between oxygen saturation and Hospital
stay days, degree of perfusion and degree of necrosis.
SO2
r p
Hospital stay (days) 0.551 0.001*
Necrosis (CT) 0.447 0.012*
Perfusion (Doppler US) 0.425 0.017*
Pearson’s correlation.
* signiﬁcance <0.05.
Table 9 Correlation between Hospital stay days, degree of
perfusion and degree of necrosis.
Hospital stay
r p
Necrosis (CT) 0.620 <0.001*
Perfusion (Doppler US) 0.609 <0.001*
Nonparametric Spearman’s rho correlation.
* signiﬁcance <0.05.
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clinically appropriate. Gray-scale ultrasound was used ﬁrst
to localize the whole lesion, and then a color Doppler ultra-
sound examination was added. Color ﬂow imaging was
helpful in characterizing the lesion by demonstrating its
vascularity and ﬂow pattern. The radiologist was unaware
of the X-ray ﬁndings and examined the whole chest on both
sides from the ventral aspect (on the para-sternal, mid-
clavicular and axillary planes) and posterior aspect (on
the para-vertebral and infra-scapular planes).
The perfusion of consolidated lung was classiﬁed into var-
ious degrees of central vascularity based on the qualitativeassessment of the area of color ﬂow as follows: (1) Normal per-
fusion (P0): deﬁned as homogenously distributed tree-like vas-
cularity, (2) decreased perfusion (P1): deﬁned as less than 50%
of an area with typical tree-like vascularity, and (3) poor per-
fusion (P2): deﬁned as no recognizable color Doppler ﬂow
(19).
Qualitative color Doppler sonography (CDS) was done for
classiﬁcation of ﬂow direction by means of spectral curve anal-
ysis; pulmonary and bronchial arteries can be differentiated
(23) as the pulmonary arterial ﬂow pattern is triphasic and
red in color while the bronchial arterial ﬂow is monophasic
and blue in color. Quantitative measurement of (1) Resistive
index (RI), (2) Pulsatility index (PI) and (3) Peak systolic
velocity and end diastolic velocities was performed for all Flow
signals (FS) studied.
5. CT scans were done by a MDCT Machine (GE BRIGHT
SPEED, 16 detectors scanner, General electric Healthcare,
USA). Reconstruction parameters were 5.0 mm slice thick-
ness and appropriate mediastinal and pulmonary windows.
The following CT signs were evaluated: (1) Area of consol-
idation without loss of volume, (2) a necrotic part within
the consolidated area and (3) the lack of contrast enhance-
ment after contrast injection. The severity of lung necrosis
was determined by analyzing the relative ratio of the necro-
Fig. 1 Female patient 40 year-old: (A) plain X-ray chest showed lateral basal nonhomogenous opacity (green arrow). (B) Axial MDCT
showed segmental opacity with air bronchogram (red arrow). (C) US and (D) Color Doppler revealed hypoechoic wedge-shaped
consolidation area (yellow arrow) with arterial blood ﬂow (blue arrow) (simple pneumonia).
Diagnosis of pneumonia in adults 775tic part to the total consolidated lung area calculated using
Image J, Version 1.47 (National Institute of Health, USA).
This novel approach was a modiﬁcation of the method for
estimating the volume fraction of acute lobar nephronia
(18). Necrotic areas were categorized as mild (N1) if the
ratio was less than 30%; moderate (N2) if the ratio was
between 30% and 80%; and massive (N3) if the necrotic
area was more than 80%.
The follow-up of patients depends on the clinical condi-
tion of each patient. But in cases of simple pneumonia,
follow-up is for 10–15 days, while in complicated pneumonia
more time for follow-up is recommended. Oxygen saturation
measurement should also be used in the patient’s follow-up
and its normal range is from 95% to 100%. If the level is
below 90%, it is considered low resulting in hypoxemia. If
blood oxygen levels below 80%, it may compromise organ
function.
2.3. Statistical methods
The collected data were coded, tabulated, and statistically
analyzed using SPSS program (Statistical Package for SocialSciences) software version 20. Descriptive statistics were
done for numerical data by mean, standard deviation, min-
imum and maximum of the range, while they were done for
categorical data by number and percentage. Analyses were
done for parametric quantitative variables using one way.
ANOVA Chi-square test was used for qualitative data
between groups.
Correlation between two quantitative variables was done
by using Pearson’s correlation coefﬁcient, While correlation
between qualitative ordinals variables was done using non-
parametric Spearman’s rho correlation coefﬁcient.
Correlation coefﬁcient ranges from (0–1): – weak (r= 0–
0.24), fair (r= 0.25–0.49), moderate (r= 0.5–0.74), strong
(r= 0.75–1).
Cross tabulation was done for estimation of sensitivity,
speciﬁcity, PPV, NPV and diagnostic accuracy.
Measuring of Kappa was done to estimate the agreement
between different methods. The degree of agreement differs
according to the value of Kappa, poor (k 6 0), slight
(k= 0.01–0.2), fair (k= 0.21–0.4), moderate (k= 0.41–
0.6), substantial (k= 0.61–0.8), and almost perfect (k=
0.81–1).
The level of signiﬁcance was taken at (p value 6 0.05).
Fig. 2 Male patient 45 year-old: (A) CXR showed basal nonhomogenous lung opacity (blue arrow). (B) Axial CT showed posterior and
lateral basal opacity with air bronchogram (Red arrows). US showed wedge shaped consolidation (yellow arrow) and Color Doppler
revealed red color ﬂow arterial signal (simple pneumonia).
776 M. Abdel Kader, N.M.M. Osman3. Results
3.1. Demographic data
Thirty-one adult patients were included in this study: 14
(45.2%) females and 17 (54.8%) males, and their ages ranged
from 27 to 65 years with a mean ± standard deviation (SD) of
47.61 ± 12.67 years.
The clinical and laboratory data of all studied patients are
shown in (Table 1). The variable features of consolidated
pneumonia by chest X-ray, CT, gray scale and color Doppler
US are demonstrated in Table 2–4.
On CXR, consolidation opacity was detected in 22 cases
(71%), air bronchogram was seen in 20 cases (64.5), reduced
lung volume was detected in 4 cases (12.9%), while pleural
effusion was seen in 15 cases (48.4) and air ﬂuid level was seen
in 9 cases (29%) (Table 2).
On gray scale and color Doppler ultrasound, air bron-
chogram was identiﬁed in all cases (100%), hypoechoic lesion
with cavity formation was seen in 7 cases (22.6%), and pleural
involvement in form of thickening was detected in 8 cases
(25.8%). Simple pleural effusion was noted in 18 cases
(58.1%) while effusion with internal echoes was detected in 8
cases (25.8%). Studying the lesion perfusion revealed that nor-
mal perfusion (P0) was identiﬁed in 10 lesions (32.3%), whiledecreased perfusion (P1) was identiﬁed in 12 cases (38.7%)
and poor perfusion (P2) was detected in 9 cases (29%)
(Table 3).
On MDCT, opacity with air bronchogram was found in all
lesions (100%), only one lobe of the lung was involved in 19
cases (61.3%), and two or more lung lobes were involved in
12 cases (38.7%). Air ﬂuid level was noted in 9 cases (29%),
pleural affection was seen in 7 cases (22.6%) while pleural effu-
sion was seen in 14 cases (45.1%) and lung collapse was iden-
tiﬁed in 2 cases (6.5%). Regarding the severity of lung necrosis
on MDCT, no necrosis (N0) was seen in 11 cases (35.5%),
minimal necrosis (N1) was seen in 7 cases (22.6%), moderate
necrosis was seen in 3 cases (9.7%), and 10 cases (32.3%)
had severe necrosis (N3) (Table 4).
In diagnosis of pneumonia complicated with effusion, the
sensitivity of CXR was low (60%) and diagnostic accuracy
was 83.3%. It was moderate agreement with CT ﬁndings
(K= 0.608). On the other hand LUS with color Doppler
showed high sensitivity (100%) and speciﬁcity (93.8%) and
diagnostic accuracy was 96.8%. It was almost agreement with
CT ﬁndings (K= 0.93). As regards the detection of abscess
with effusion by CXR the sensitivity decreased to 50% and
Kappa = 0.652, while by using LUS with color Doppler, the
sensitivity, the speciﬁcity, PPV, NPV and the diagnostic accu-
racy were high (100%). Also, it was almost agreement with CT
ﬁndings (K= 1) (Table 5).
Fig. 3 Male patient 29 year-old: (A) CXR revealed left basal lung opacity with negative silhouette sign. (B) Chest gray scale US showed
wedge shaped left posterior basal consolidation (red arrow). (C) Color and Power Doppler US revealed branched red-color ﬂow triphasic
arterial signals in tubular distributions, which extend from the hilar region to the periphery of the consolidation. (E) Axial CT pulmonary
window showed left posterior basal consolidation with air bronchogram (blue arrow) (simple pneumonia).
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degree of perfusion impairment and the severity of necrosis
(p value <0.001). The majority of our patients (67.7%) have
pulmonary arterial blood supply and show a predominantly
triphasic ﬂow. Bronchial arteries reveal a monophasic ﬂow
and they were found only in 5/31 cases (16.1%). A signiﬁcant
changes was seen in ﬂow pattern in comparison with severity
of necrosis by CT (p value = 0.038). On the other hand, quan-
titative CDU values mainly, Resistive Index (RI), Pulsatile
Index (PI), Peak Systolic Velocity (PSV) and End Diastolic
Velocity (EDV) showed insigniﬁcant changes in different
degrees of necrosis by CT (Table 6).
A good signiﬁcant correlation was noticed between Oxy-
gen saturation (severity of hypoxemia) and the duration of
hospitalization, level of perfusion by US and degree of
necrosis by CT (Table 7). The normal range of oxygen satu-
ration in human ranged from 95% to 100%. If the level is
below 90%, it is considered low resulting in hypoxemia. If
blood oxygen levels below 80%, it may compromise organ
function. The average oxygen saturation in our study
reached 87.03%. Hospital stay was signiﬁcantly correlated
with changes in perfusion by US and severity of necrosis
by CT (Tables 8 and 9). Most of the above results were rep-
resented in Figs. 1–6.4. Discussion
In our study and according to American Thoracic Society con-
sensus guidelines 2007 (5), pneumonia was clinically suspected
on the basis of cough with expectoration which was found in
almost all cases (>95%), dyspnea (12 cases (38.7%)), associ-
ated with body temperature >38 C, tachypnea
>20 breaths/min (74.2% of the cases), rales or crackles on
auscultation (87.1% cases), and abnormal oxygen saturation
(87.03 ± 5.35).
The physical examination ﬁndings and proper auscultation
have proved to be unreliable for detection of pneumonia, even
in expert hands. So, the use of imaging modalities is essential
(20). During the last decade, diagnosis of pneumonia by chest
CT has become more common, given the increasing numbers
of CT scans performed to rule out other diseases such as pul-
monary embolism (21). In this study, the occurrence of necro-
tizing pneumonia was as high as 65.5% when cases were
diagnosed using chest CT (22).
In our work, the gray scale US showed features of consol-
idated pneumonia in nearly all patients (P90.3%) showed
hepatization of lung tissue similar to appearance of the liver
and air bronchogram (bright dots) with irregular and serrated
margins.
Fig. 4 Male patient 37 year-old: (A) CXR revealed large patchy consolidation opacities, more on Lt. side with large homogenous
opacity obliterating Lt. costophrenic angle (pleural effusion). (B) Color Doppler US showed Lt. sided pleural effusion and segmental
consolidation with air bronchogram. (C) On Power Doppler evaluation, arterial waveform is noted with estimation of the PSV, EDV, PI
and RI. D, E and F) Post-contrast MDCT on axial and coronal (reconstructed) cuts revealed the Lt. lung consolidations with air
bronchogram, Lt. sided pleural effusion and mild Rt. sided pleural effusion (complicated pneumonia).
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of Community Acquired Pneumonia (CAP) have hypo-
echogenicity and non-homogeneous texture. The most charac-
teristic sign is a positive air bronchogram, which is detectable
in about 70–97% of cases (23,24).
Michael Blaivas (25) reported that consolidation and
dynamic air bronchograms (that mean monitoring the air
bronchogram during respiration), have the highest speciﬁcity
for diagnosis of pneumonia.
In contrast to our study, Francesco et al. (17) found that
the sensitivity of LUS in identifying parenchymal consolida-
tion was much lower than previously reported (59 versus 88–
95%) (21,26,27). In a previous study of critically ill patients
(28), LUS had a high accuracy in detecting consolidations
due to different causes, which was explained by the fact that
most of these reached the pleura. In fact, this study shows that
the accuracy of LUS depends on distance from pleura and size
of consolidation, conﬁrming a very high accuracy only in case
of consolidations <4 mm from pleural line.
However CT is traditionally considered as the gold standard
in the evaluation of lung consolidations. It is indicated in lim-
ited number of patients admitted to hospital for suspectedpneumonia, as in cases with (1) severe signs and symptoms of
pneumonia, (2) Suspicion of severe complications, (3) Worsen-
ing of symptoms, (4) Discrepancy between imaging and clinical
ﬁndings and (5) extensive consolidations at CXR (29).
Pulmonary vascular morphology and hemodynamic
changes in pulmonary consolidations have rarely been investi-
gated previously. By using color Doppler US, the blood ﬂow
and perfusion in pulmonary consolidations can be easily
demonstrated. Color Doppler ultrasound is the only imaging
modality capable of assessing the vessels in peripheral pul-
monary lesions. (30).
In the present study, the majority of our patients (67.7%)
have pulmonary arterial blood supply and show a predomi-
nantly triphasic ﬂow. On the other hand, we noticed that bron-
chial arteries reveal a monophasic ﬂow and they were found
only in 5/31 cases (16.1%) in pulmonary consolidation.
Yuan et al. and Hsu WH, et al. reported that, pulmonary
and bronchial artery may be differentiated. Pulmonary arteries
show a tree-like pattern, their branches course centrifugally
and it was found that Doppler ultrasound was excellent in
demonstrating blood ﬂow present in the pulmonary vascula-
ture (31,32).
Fig. 5 Female patient 55 year-old: (A) CXR sowed Rt. upper lobe consolidation. (B) Gray scale US showed the consolidation (blue
arrow) and the air bronchogram (small white arrows). (C) Color Doppler US revealed red color arterial ﬂow and the triphasic waveform
(PS, ED, PI and RI). (D) Axial CT pulmonary and (E) Mediastinal window: Showed the Rt. Upper lung lobe consolidation with air
bronchogram (simple pneumonia).
Diagnosis of pneumonia in adults 779In the current study, the degree of impaired perfusion was
closely related to the severity of lung necrosis (p value < 0.001).
A signiﬁcant changes was seen also, in ﬂow pattern in compar-
ison with severity of necrosis by CT (p value = 0.038).
Shen-Hao Lai et al. and others reported that in contrast to
enhanced CT imaging, the presence of a poorly perfused area
residing within the consolidated lung tissue remains the main
character of necrotizing changes. Because a consolidated lung
tissue is highly conspicuous in ultrasound, LUS can easily
identify tissue liquefaction after necrosis (19,33,34).
Shen-Hao Lai et al. (19) noticed that in complicated NP,
massive necrosis and loss of blood supply result in persistent
sepsis that is unresponsive to medical treatment. Conse-
quently, we found also, the severity of necrosis in CT imaging
and impaired perfusion by LUS was closely related to longer
hospitalization as P <0.001 and poor outcome as increase in
severity of hypoxemia. In contrast, the absence of these LUS
features, especially that of decreased-to-poor perfusion, indi-
cates the absence of NP in patients and a more favorable clin-
ical outcome.
Also, in this study, quantitative CDS values revealed no
statistically signiﬁcant differences in RI and PI values between
various degrees of necrosis as the majority were triphasic ﬂow.In current study, by LUS hypo echoic lesion with internal
echoes and no ﬂow signal was detected in 7 cases (22.6%).
In addition, empyema was seen in two cases. As regards detec-
tion of abscess with effusion, by CXR the sensitivity decreased
to 50%, and Kappa = 0.652, while by using LUS with color
Doppler, it was almost perfect agreement with CT ﬁndings
(K= 1). These ﬁndings were similar to those of Gorg (35).
Many studies have shown lung ultrasound imaging to be more
accurate than chest radiography and in some cases reaches the
accuracy of computed tomography (CT), such as in the diag-
nosis of lung abscesses (25).
West and Wagner noticed that by CDS, lung abscess is sur-
rounded by the consolidated lung parenchyma, so, the air-ﬂuid
abscess may be encircled by pulmonary vasculature. In
empyema the pus is collected in the pleural cavity. So, com-
pression of the adjacent lung by empyema may cause a local
reduction in blood ﬂow (35).
Additionally, there are some advantages to sonography
that makes ultrasound to cooperate with CT scanning in dif-
ferentiating lung abscess from empyema. First, ultrasound is
performed in real time. Second, the device is portable and is
easy to use; diagnostic and therapeutic procedures can be per-
formed at bedside for patients who are critically ill (36). Third,
Fig. 6 Female patient 41 year-old: (A) US gray scale showed anechoic cavity (long thick blue arrow). (B) Color Doppler showed
splaying of vessels around the abscess (orange arrow). (C) Axial pulmonary window CT revealed consolidation (short thick blue arrow).
(D) Mediastinal window revealed abscess at the lower part of consolidation (thin blue arrow). This lesion diagnosed consolidation with
abscess formation and grade-III necrosis (Complicated pneumonia).
780 M. Abdel Kader, N.M.M. Osmancolor Doppler ultrasound is the only imaging modality capable
of assessing the vasculatures in peripheral lung abscess.
5. Conclusion
LUS with color Doppler imaging is a valid alternative in the
diagnosis of pneumonia in adults. It has good sensitivity and
speciﬁcity and reduces the need for CT. Moreover, it helps in
identifying necrotizing changes and predicting poor outcome.
The presence of pulmonary arteries ﬂow pattern is an indica-
tive of good outcome. So, we recommend the routine applica-
tion of LUS with color Doppler in adults with severe
pneumonia especially in pregnant, bedridden and patients with
renal failure (no need for I/V contrast).
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